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Description 

Background of the Invention 

Field of the Invention 

The present invention relates to the oxidation 
of ethylbenzene to form products comprising ethyl- 
benzene hydroperoxide and acetophenone. In par- 
ticular, the invention provides a method for increas- 
ing the amount of acetophenone which is formed 
relative to ethylbenzene hydroperoxide by reducing 
the alkali metal content of the ethylbenzene oxida- 
tion reaction mixture to below 0.1 ppm and by 
incorporating small amounts of water in the reac- 
tion mixture. 

Description of the Prior Art 

The oxidation of ethylbenzene to form products 
comprising ethylbenzene hydroperoxide is a known 
reaction which is practised commercially in the 
coproduction of propylene oxide and styrene mon- 
omer. Ethylbenzene hydroperoxide thus formed is 
reacted with propylene to form propylene oxide 
with the hydroperoxide mainly being converted to 
methyl benzyl alcohol; some acetophenone is 
formed in this step as well as in the ethylbenzene 
oxidation step. Generally, the acetophenone is hy- 
drogenated to methyl benzyl alcohol and such 
methyl benzyl alcohol, together with that formed by 
reaction of the hydroperoxide with the olefin, is 
dehydrated to the styrene monomer coproduct. 
U.S. Patent 3,351,635 is illustrative of this technol- 
ogy. 

U.S. Patent 3,439,001 teaches that recycle 
ethylbenzene in the above process is advanta- 
geously treated with alkali in order to avoid residue 
formation during the propylene epoxidation. The 
treated ethylbenzene is desirably washed to re- 
move residual alkali. 

U.S. Patent 4,066,706 provides a method for 
oxidizing ethylbenzene to the hydroperoxide 
whereby temperature of reaction is decreased in 
the direction of flow. 

U.S. Patent 2,867,666 teaches the oxidation of 
ethylbenzene to ethylbenzene hydroperoxide and 
stresses that the reaction should be carried out 
under anhydrous conditions and that the presence 
of basic material is critical. 

U.S. Patent 3,592,857 takes issue with the 
above and provides data (Table III) showing that 
acetophenone make increases and ethylbenzene 
hydroperoxide make decreases with the addition of 
increasing amounts of alkali. 

Japanese patent publication 43-14449 which is 
by the same inventor as U.S. Patent 3,592,857, 
carries out ethylbenzene oxidation to ethylbenzene 



hydroperoxide in the presence of small amounts of 
water, ie., 0.5 to 2% by weight. Runs both with and 
without added alkali are described. Alkali is de- 
scribed as useful in preventing acids which are 

5 formed during oxidation from acting to decompose 
hydroperoxide or from inhibiting oxidation. The 
data suggest that water addition decreases ethyl- 
benzene oxidation rate. 

U.S. Patent 4,262,143 describes the prepara- 

w tion of ethylbenzene hydroperoxide by oxidizing 
ethylbenzene in the presence of small but critical 
amounts of sodium or potassium hydroxide or salt, 
ie., 0.1 to 20 ppm of sodium or 0.17 to 34 ppm of 
potassium whereby rates and selectivities to the 

15 hydroperoxide are improved. 

During practice of the process for the co-pro- 
duction of propylene oxide and styrene monomer, 
frequently it is advantageous to be able to quickly 
and conveniently vary the ratio of the main pro- 

20 ducts in accordance with market variations. The 
present invention provides a method whereby this 
variation can be accomplished without the neces- 
sity for severe changes in processing procedures 
and without the necessity for major capital equip- 

25 ment changes. 

Brief Description of the Invention 

Generally speaking, the molecular oxygen oxi- 
30 dation of ethylbenzene to form ethylbenzene 
hydroperoxide-containing reaction product mixtures 
is carried out in the presence of small amounts of 
alkali such as sodium carbonate, sodium hydrox- 
ide, sodium pyrophosphate, and the like. At con- 
35 ventional levels of alkali, expressed as alkali metal, 
it has been found that the addition of small 
amounts of water to the reaction system increases 
the rate at which ethylbenzene oxidation takes 
place but has little effect on oxidation product 
40 distribution. 

In accordance with the present invention, how- 
ever, there is provided a method by which the 
ethylbenzene oxidation product distribution can be 
significantly changed to favor acetophenone pro- 
45 duction at the expense of ethylbenzene 
hydroperoxide production without a significant ad- 
verse effect on ethylbenzene oxidation rate. Spe- 
cifically, according to the invention, the alkali metal 
content of the ethylbenzene oxidation reaction mix- 
so ture is reduced from the normal value which is in 
excess of 0.5 ppm, and usually in excess of 1 ppm 
by weight expressed as sodium, to below 0.1 ppm 
white at the same time the water content of the 
reaction mixture is controlled in the range 0.05 to 
55 2% by weight. 

The objectives of the present invention are two- 
fold; that is, to adjust the product distribution such 
that more acetophenone is formed relative to ethyl- 
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benzene hydroperoxide while at the same time 
maintaining a high rate of ethylbenzene conversion. 
In accordance with the invention, this is accom- 
plished by reducing the level of alkali metal in the 
ethylbenzene oxidation mixture from normal values 
to less than 0.1 ppm alkali metal while at the same 
time incorporating small amounts of water in the 
range 0.05 to 2 wt.% in the oxidation mixture. 

Description of the Drawings 

Figure 1 is a plot of reaction selectivity to 
acetophenone versus ethylbenzene conversion at 
various sodium levels. 

Figure 2 is a plot of reaction selectivity to 
acetophenone versus water concentration at high 
ethylbenzene conversion at various sodium levels. 

Figure 3 is a plot of reaction selectivity to 
ethylbenzene hydroperoxide versus ethylbenzene 
conversion at various sodium levels. 

Figure 4 is a plot of ethylbenzene oxidation 
rate versus water concentration at normal and low 
sodium levels. 

Figure 5 is a plot of the relative rate of ethyl- 
benzene oxidation versus water concentration at 
low ethylbenzene conversion level. 

Detailed Description of the Invention 

The process of this invention is not limited to 
any particular oxidation procedure for the produc- 
tion of hydroperoxides using molecular oxygen, ie., 
so-called "auto oxidation". The oxidation can be 
effected in any standard equipment suitable for 
oxidation reactions, and the oxidation can be car- 
ried out batch-wise or continuously with equal fa- 
cility, the formation of the hydroperoxides is nor- 
mally brought about within certain parameters of 
temperature, pressure and the like and the inven- 
tion will be more easily understood by describing it 
in connection with typical operating conditions and 
with respect to typical reactants and material han- 
dling procedures. 

For example, any oxygen-bearing gas may be 
used in this process providing that the gases other 
than oxygen are inert at the reaction conditions. Air 
is the preferred oxidation gas because of its ready 
availability but gases richer or poorer in oxygen 
than air may be used. 

The amount of ethylbenzene that should be 
converted in any oxidation depends upon several 
competing factors. As the conversion is increased 
above 20% of the feed ethylbenzene, the amount 
of by-product increases rapidly and the yield of 
hydroperoxide ie consequently decreased. When 
the conversion is less than about 5%, the cost of 
oxidizing a unit amount of ethylbenzene is greatly 
increased due to the requiremente of additional 



ethylbenzene recycle. 

The temperatures at which the ethylbenzene is 
oxidized are about 120* to 170*C, the preferred 
range is about 130' to 160*C, and it is most 

5 desirable to operate in the range of about 135' to 
160°C. At temperatures lower than 120* C, the 
rate of reaction is undesirably low and tempera- 
tures in excess of 170*C. have an adverse effect 
upon selectivity. The oxidation reaction can be 

w carried out at constant temperature or under pro- 
grammed temperature conditions as described in 
U.S. Patent 4,066,706. The formation of by-pro- 
ducts can be minimized by optimization of oxygen 
concentration and mass transfer in accordance with 

75 established procedures. 

The reaction pressure may be maintained at 
from about atmospheric to 6.9 MPa gauge (1000 
p.s.i.g.), although the pressure is desirably main- 
tained at from 69 KPa gauge (10 p.s.i.g.) to 1.4 

20 MPa gauge (200 p.s.i.g.) The oxidation of ethylben- 
zene is exothermic and it is, of course, necessary 
that some heat be removed. Heat can be removed 
by vaporization of oxidate. The total flow of oxidiz- 
ing gas feed plus recycle gas is adjusted to main- 

25 tain the desired reaction temperature at the set 
reactor pressure. 

The time required to convert the desired quan- 
tity of ethylbenzene is in the range of from 1/2 to 
20 hours depending upon the temperature main- 

30 tained in the reactor and the oxygen partial pres- 
sure. 

Generally speaking, for most of the time the 
oxidation of ethylbenzene is carried out continu- 
ously using small amounts of added alkali as pro- 

35 vided in U.S. Patent 4,262,143 in order to maximize 
production of hydroperoxide which in turn is used 
in olefin epoxidation. However, there are times 
when market conditions are such that for best 
economics it is desirable to produce more aceto- 

40 phenone relative to ethylbenzene hydroperoxide, 
and the present invention provides a convenient 
method where this can be accomplished without 
disrupting the ethylbenzene oxidation system. 

In accordance with the invention, the amount of 

45 alkali fed to the ethylbenzene oxidation is lowered 
in order to reduce the alkali content of the oxidation 
reaction mixture below 0.1 ppm. At the same time, 
the water content of the reaction mixture is ad- 
justed to 0.05 to 2 wt. %. In this way, high rates of 

50 ethylbenzene oxidation are sustained while sub- 
stantially enhanced production of acetophenone 
relative to ethylbenzene hydroperoxide is achieved. 
Methyl benzyl alcohol production is not substan- 
tially changed. The water content of the reaction 

55 mixture is adjusted by the addition of appropriate 
amounts of water or by control of reaction con- 
ditions to maintain water of reaction in the mixture 
at the desired concentration, or by a combination 
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of these procedures. 

Experiments in continuous oxidation of ethyl- 
benzene were performed in a single-stage, well- 
mixed autoclave reactor. This system was 
equipped with temperature, pressure and level con- 
trols, as well as controllable ethylbenzene and wa- 
ter feeds. Air/nitrogen was feed sparged in at the 
base of the reactor and quenched non-condensable 
off-gases were analyzed for oxygen content. So- 
dium entered either via caustic injection (with the 
water feed) or by pretreating the inside of the 
reactor with sodium pyrophosphate. Sodium re- 
moval was performed by vigorous flushing of the 
system with boiling distilled water for several hours. 

Ethylbenzene conversions were tested from 0.5 
to 13% at 141 • C and a total pressure of 241 KPa 
gauge (35 psig). Oxygen breakthrough was main- 
tained at 5 mole % in the fully non-oxygen-starved 
regime. The sodium levels tested were 1 .0, 0.5, 0.2 
and less than 0.1 ppm. The water injection rate was 
varied to give a range of oxidate water concentra- 
tions from 500 to 18000 ppm. The data obtained 
are presented graphically in Figures 1-5. 

Figures 1 and 2 show the significant impact on 
acetophenone selectivity in ethylbenzene oxidation 
by operating at low sodium and high water con- 
centrations in the reactor. Low-sodium concentra- 
tion is shown to be a necessary and sufficient 
condition for enhanced acetophenone selectivity, 
although the effect is increased as water concentra- 
tion is increased. Water injection has virtually no 
effect on acetophenone selectivity at sodium levels 
above 0.2 ppm. At zero water injection, water con- 
centration in the reactor is near 500 ppm resulting 
from reactions which produce water; at 10% ethyl- 
benzene conversion, acetophenone selectivity is 
still increased from 14% base-case to about 30%. 
The increase in acetophenone selectivity occurred 
completely at the expense of ethylbenzene 
hydroperoxide selectivity, as shown in Figure 3. 

Ethylbenzene oxidation rate was substantially 
increased by water injection for both high and low 
sodium cases, as shown in Figure 4. For the high 
ethylbenzene conversion cases shown, low water 
concentration (<2000 ppm) gave slightly lower oxi- 
dation rates for low sodium operation than for high 
sodium operation. At low ethylbenzene conversion 
(<2%), Figure 5 shows that this effect is more 
pronounced; about 600 - 1200 ppm water at low 
sodium level is required for the oxidation rate to 
match base case performance at greater than 2 
ppm sodium. Where plural oxidizer zones are em- 
ployed as shown, for example, in U.S. Patent 
4,066,706, water injection to early oxidizer compart- 
ments is useful to avoid this drop in oxidation rate. 

In order to further illustrate the invention, refer- 
ence is made to the following examples. 



Comparative Example A 

Ethylbenzene was continuously oxidized in the 
single-stage, well-mixed autoclave reactor de- 

5 scribed above. This example illustrates a base- 
case of high ethylbenzene conversion (>7%), in 
which sodium is purposely added to the reactor, 
but water is not. Thus the oxidation was carried out 
in accordance with prior procedures designed to 

io maximize the production of ethylbenzene 
hydroperoxide. 

Air was the oxidant, the reaction temperature 
and pressure were 141 °C and 241 KPa gauge (35 
psig), respectively, and oxygen breakthrough in the 

75 offgas from the reactor was 5 mol %. By means of 
a sodium pyrophosphate coating on the reactor 
surface, a sodium level in the reaction mixture of 2 
ppm was maintained. Water formed during the 
oxidation was present in amount of 0.11 wt. %. 

20 Ethylbenzene conversion was 8.36%, with selectiv- 
ity to ethylbenzene hydroperoxide of 74.5%, to 
acetophenone of 13.5% and to methyl benzyl al- 
cohol of 7.2%. 

25 Example 1 

In accordance with the present invention, the 
high ethylbenzene conversion case illustrated 
above was modified in order to enhance the pro- 

30 duction of acetophenone with minimum disruption 
of the reaction system. The sodium pyrophosphate 
coating on the reactor's surface was removed so 
that no sodium was being continuously added to 
the reactor during oxidation. Water was not added 

35 to the reactor in this example. Otherwise, reaction 
temperature, pressure, ethylbenzene, feed rate, 
and offgas oxygen concentration remained the 
same as in Comparative Example A. 

When steady-state operation at the changed 

40 conditions was achieved, the sodium content of the 
reaction mixture was less than 0.1 ppm. Water 
formed during the oxidation was present in amount 
of 0.15 wt. %. Ethylbenzene conversion was 
7.75%, with selectivity to ethylbenzene hydroperox- 

45 ide of52.9%, to acetophenone of 33.1%, and to 
methyl benzyl alcohol of 8.3%. This example 
shows that lowering sodium content in the reactor 
to below 0.1 ppm while maintaining a water content 
in the range 0.05 to 2. wt. % is highly effective for 

so shifting product selectivities from ethylbenzene 
hydroperoxide to acetophenone. 

Comparative Example B 

55 This example is provided to demonstrate that 

water injection into the ethylbenzene oxidation re- 
actor does not cause a substantial shift in product 
selectivities to acetophenone when sodium con- 
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centration is sufficiently high. As in Comparative 
Example A, a sodium level in the reaction mixture 
of 2 ppm was maintained by means of a sodium 
pyrophosphate coating on the reactor surface. By 
direct water addition to the reactor, a water con- 
centration of 0.52 wt. % was maintained in the 
reaction mixture. Otherwise, reaction temperature, 
pressure, ethylbenzene feed rate, and offgas oxy- 
gen concentration remained the same as in Com- 
parative Example A. 

When steady-state operation was achieved, 
ethylbenzene conversion was 10.06%, and product 
selectivities were 74.8% to ethylbenzene 
hydroperoxide, 15.3% to acetophenone, and 6.3% 
to methyl benzyl alcohol. 

Example 2 

In accordance with the present invention, an- 
other high ethylbenzene conversion case which 
demonstrates enhanced acetophenone selectivity 
with minimum disruption of the reaction system 
was established. In this example, as in Example 1, 
no sodium was continuously added to the reactor 
system; sodium in the reaction mixture was less 
than 0.1 ppm. However, water was continuously 
added in amount sufficient to provide a water con- 
centration in the reaction mixture of 1.4% by 
weight. Otherwise, reaction temperature, pressure, 
ethylbenzene feed rate and offgas oxygen con- 
centration remained the same as in Example A. 

When the steady-state operation at the 
changed conditions was achieved, ethylbenzene 
conversion was 12.28%, significantly higher than in 
Comparative Example A and Example 1. Product 
selectivities were 36.3% to ethylbenzene 
hydroperoxide, 53.3% to acetophenone, and 7.1% 
to methyl benzyl alcohol. This example illustrates 
that at low sodium concentration, water addition 
increases ethylbenzene conversion and increases 
the shift in product selectivities in favor of aceto- 
phenone as compared with the lower water con- 
centration in Example 1. 

Comparative Example C 

This example illustrates a base-case of low 
ethylbenzene conversion (<2%), in which sodium is 
purposely added to the reactor, but water is not. 
Thus, the oxidation was carried out in accordance 
with prior procedures designed to maximize the 
production of ethylbenzene hydroperoxide. Reac- 
tion temperature, pressure, and offgas oxygen con- 
centration remained the same as in Example A, but 
ethylbenzene feed rate was increased in order to 
lower the liquid residence time in the reactor, and 
thereby lower the ethylbenzene conversion. As in 
Comparative Example A, sodium was continuously 



added to the reaction liquid by means of a sodium 
pyrophosphate coating on the reactor surface; so- 
dium content of the reaction mixture was 2 ppm. 
When steady-state operation was achieved, 
5 ethylbenzene conversion was 1.86%, and water 
formed during the reaction was present in amount 
of 0.034 wt. %. Product selectivities were 93.8% to 
ethylbenzene hydroperoxide, 3.2% to acetophe- 
none, and 2.8% to methyl benzyl alcohol. 

70 

Example 3 

In accordance with the present invention, a low 
ethylbenzene conversion case which demonstrates 

75 enhanced acetophenone selectivity with minimum 
disruption of the reaction system was established. 
In this example, no sodium was continuously ad- 
ded to the reactor system; sodium in the reaction 
mixture was less than 0.1 ppm. However, water 

20 was continuously added in amount sufficient to 
provide a water concentration in the reaction mix- 
ture of 0.28% by weight. Otherwise, reaction tem- 
perature, pressure, ethylbenzene feed rate and off- 
gas oxygen concentration remained the same as in 

25 Comparative Example C. 

When the steady-state operation at the 
changed conditions was achieved, ethylbenzene 
conversion was 1.67%. Product selectivities were 
71.7% to ethylbenzene hydroperoxide, 19.8% to 

30 acetophenone, and 6.6% to methyl benzyl alcohol. 

Comparative Example D 

The low ethylbenzene conversion case estab- 

35 lished in Comparative Example C was again modi- 
fied to attempt to enhance the production of aceto- 
phenone with minimum disruption of the reaction 
system. As in Example 3, the sodium 
pyrophosphate coating on the reactor's surface was 

40 removed so that no sodium was being continuously 
added to the reactor during oxidation. Water was 
not added to the reactor in this example. Other- 
wise, reaction temperature, pressure, ethylbenzene 
feed rate, and offgas oxygen concentration re- 

45 mained the same as in Comparative Example C 
and Example 3. 

When steady-state operation at the changed 
conditions was achieved, the sodium content of the 
reaction mixture was less than 0.1 ppm. Water 

so formed during the oxidation was present in amount 
of 0.033 wt. %. Ethylbenzene conversion was 
0.36%, with selectivity to ethylbenzene hydroperox- 
ide of 60.0%, to acetophenone of 29.9%, and to 
methyl benzyl alcohol of 4.2%. This example and 

55 Example 3 show that lowering sodium content in 
the reactor to below 0.1 ppm is sufficient for shift- 
ing product selectivities in favor of acetophenone, 
but that without water injection, ethylbenzene con- 
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version, and hence reaction rate is lowered to an 
unacceptable level. Water injection is shown to be 
necessary to maintain ethylbenzene oxidation rate 
at low reactor sodium concentrations and low ethyl- 
benzene conversion conditions. 5 

From the above, the utility of the present inven- 
tion as a convenient method for substantially en- 
hancing acetophenone production relative to ethyl- 
benzene hydroperoxide production without a sub- 
stantial disruption of operations will be apparent. 10 

Claims 



1. A method of increasing the amount of aceto- 
phenone formed relative to ethylbenzene 
hydroperoxide in the liquid phase molecular 
oxygen oxidation of ethylbenzene to form pro- 
ducts comprising ethylbenzene hydroperoxide 
and acetophenone and wherein the ethylben- 
zene oxidation reaction mixture contains at 
least 0.2 ppm alkali metal, said method com- 
prising: 

a) reducing the alkali metal content of the 
ethylbenzene oxidation reaction mixture to 
below 0.1 ppm, 

b) incorporating 0.05 to 2% by weight of 
water in the ethylbenzene oxidation reaction 
mixture, and 

c) thereafter oxidizing ethylbenzene in the 
said water-containing mixture having said 
reduced content of alkali metal with molecu- 
lar oxygen at elevated temperature to form 
enhanced amounts of acetophenone. 

2. The process of claim 1 wherein the elevated 
temperature in step c) is in the range of about 
120-1 70 *C. 

3. A process for the liquid phase molecular oxy- 
gen oxidation of ethylbenzene to form products 
including ethylbenzene hydroperoxide and 
acetophenone wherein the alkali metal content 
of the reaction mixture is maintained below 0.1 
ppm and the water content is maintained in the 
range 0.05 to 2% by weight. 

Patentanspruche 

1. Verfahren zur Erhohung der relativ zu Ethyl- 
benzolhydroperoxid gebildeten Menge an Ace- 
tophenon bei der Oxidation von Ethylbenzol 
durch molekularen Sauerstoff in der FlUs- 
sigphase zur Bildung von Produkten, die Ethyl- 
benzolhydroperoxid und Acetophenon umfas- 
sen, und bei dem das Reaktionsgemisch zur 
Oxidation von Ethylbenzol mindestens 0,2 ppm 
Alkalimetall enthalt, wobei das Verfahren 



a) die Verringerung des Alkalimetallgehaltes 
des Ethylbenzoloxidationsgemisches auf un- 
ter 0,1 ppm, 

b) die Einfiihrung von 0,05 bis 2 Gew.-% 
Wasser in das Reaktionsgemisch der Ethyl- 
benzoloxidation und 

c) die anschlieftende Oxidation von Ethyl- 
benzol in der Wasser enthaltenden Mi- 
schung mit dem reduzierten Atkalimetallge- 
halt durch molekularen Sauerstoff bei er- 
hohten Temperaturen zur Bildung erhohter 
Acetophenonmengen 

umfaBt. 

75 2. Verfahren gemaS Anspruch 1, bei dem die 
erhohte Temperatur in Stufe c) im Bereich von 
ungefahr 120-170 *C liegt. 

3. Verfahren zur Oxidation von Ethylbenzol durch 
20 molekularen Sauerstoff in der FlUssigphase zur 
Bildung von Produkten, die Ethylbenzolhydrop- 
eroxid und Acetophenon einschlieSen, bei dem 
der Gehalt des Reaktionsgemisches an Alkali- 
metall unterhalb von 0,1 ppm und der Wasser- 
25 gehalt im Bereich von 0,05 bis 2 Gew.-% ge- 

halten wird. 

Revendications 

30 1. Procede pour augmenter la quantite d'aceto- 
phdnone formde par rapport & I'hydroperoxyde 
d'£thylbenz£ne dans Toxydation d'£thylbenzfc- 
ne par I'oxygene mol^culaire en phase liquide 
pour former des produits comprenant de Thy- 

35 droperoxyde d'£thylbenzene et de I'acStophe- 

none et dans lequel le melange reactionnel 
d'oxydation d'£thylbenzene contient au moins 
0,2 ppm de m6tal alcalin, ce proc£d6 compre- 
nant : 

40 (a) la reduction de la teneur en metal alcalin 

du melange reactionnel d'oxydation d'6thyl- 
benzene a une valeur inferieure a 0,1 ppm, 

(b) Pincorporation de 0,05 & 2% en poids 
d'eau dans le melange reactionnel d'oxyda- 

45 tion d'4thylbenz£ne, et 

(c) ensuite, Toxydation d'ethylbenzene dans 
ce melange contenant de I'eau ayant une 
teneur reduite en metal alcalin avec de 
I'oxygene moleculaire k une temperature 

so 6lev6e pour former de plus grandes quanti- 

ty d'ac£toph£none. 

2. Procede suivant la revendication 1 , dans lequel 
la temperature elevee dans I'gtape (c) est dans 

55 la gamme d'environ 120 & 170*C. 

3. Proc6d£ pour Toxydation d'£thylbenz§ne par 
I'oxygene moleculaire en phase liquide pour 
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former des produits comprenant de Thydrope- 
roxyde d'ethylbenzene et de I'ac&ophenone, 
dans lequel la teneur en metal alcalin du me- 
lange r^actionnel est maintenue en-dessous de 
0,1 ppm et la teneur en eau est maintenue 5 
dans la gamme de 0,05 a 2% en poids. 
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